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chapter 4

Metaphors for a New Body Politic: Gaia as
Holobiont
Scott F. Gilbert

I want to talk about the body politic; and to discuss the body politic, one really has to have some knowledge of the body. What’s fascinating to me is that our
knowledge of the body has changed enormously since I went to high school. The
body that I learnt about is not the body that we know today. Being an embryologist, I’m concerned, obsessed, with the construction of bodies, and I want to
talk primarily about the new findings in biology, the things that we may have not
have learnt before. Then, once we know something new about the body and its
construction, we can ask what this might tell us or at least inform us, concerning
a body politic. And I want to use some of the metaphors from the readings that
were so wonderfully provided by members of this group: Tim Mitchell’s “politics of
development,” Deborah M. Gordon’s “local ecologies of cooperation,” and Isabelle
Stengers’ notion of “diplomats.”
So, what I want to discuss first is the notion of bodies forming by interactions.
The normative view that we’ve had in biology for the past half-century is that DNA
forms the body. Richard Dawkins (1) gives us this conventional view of the dominant group, writing in The Selfish Gene, “We are survival machines, robot vehicles
blindly programmed to preserve the selfish molecules known as genes.” I bring this
up because the Royal Society (2) last month said: “The Selfish Gene tops the Royal
Society Poll to reveal the nation’s most inspiring science book of all time.” Even
more popular and important than Darwin, Richard Dawkins.
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Relationships and Symbioses: Toward a New Body
This notion that the gene is the level of explanation, the notion that genes make
our bodies, is a notion that is as antiquated as Richard Dawkins’s (3) portrayal of
biological information as floppy discs. But biologists have had to use what Michael
Lynch (4) refers to as “a general philosophical ontology” that has a pre-theoretical
decision, and that decision is that genes are the agents of body construction and
genes make the critical decisions. Indeed, if one talks about decisions as being
differences, the technical term for different sequences of the same gene is “allele,”
meaning “that which makes differences.” That’s 20th century biology. I think there’s
a radical discontinuity between 20th century biology and 21st century biology, as it
now stands. 20th century biology was a biology of objects, of entities. 21st century
biology, I believe, is a biology of dialectical interactions and interpenetrations, a biology of co-dependent origination. It’s a biology where things don’t exist by themselves. They come into existence through mutual dependence with others (something akin to the Buddhist concept of Pratītyasamutpāda.) So I will talk about
bodies formed through and in relationships for 4 processes: fertilization, organ formation, developmental plasticity, and symbiosis.
I first want to talk about fertilization, which is one of the most misrepresented processes in all biology. When we think of fertilization, we often talk think of
sperm racing through the female oviduct and the victor winning the egg. This story
is far from the truth. First of all, fertilization is about two cells interacting, and
these are two cells at the verge of death. And somehow, when they come together,
they create an embryo that can last decades. Moreover, the sperm does not bore or
drill into the egg. Actually, if you look microscopically, once the sperm has reached
the egg, the sperm “spoons” with it (5, 6). Then the membranes melt, and the two
become one. It’s not a violent act.
Also, the sperm that are ejaculated cannot fertilize the egg. These sperm are immature sperm. The sperm get matured by interacting with the oviduct cells of the
female’s reproductive tract. The oviduct cells interact with the sperm cell membrane
in a process called “capacitation,” giving the sperm the capacity to fertilize the egg
(5, 7). So, the last stages of sperm differentiation actually occur within another organism; they occur inside the oviduct of the female. The oviduct cells interact with
the sperm to give it a cell membrane that enables it to receive signals from the egg.
Then, the sperm is activated by the egg. The egg provides the sperm with chemicals
telling the sperm where the egg is and activates the sperm to swim as fast as it can.
The egg also provides the chemical cues causing the sperm to release the proteins
that enable it to connect to the egg (5). So now, the cell membrane of the sperm
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can fuse with the cell membrane of the egg, and the two become one. As I said, it’s
not a violent penetration.
This is different from the conventional wisdom that says, “The sperm activates
the egg.” That conventional view is incomplete. Before the sperm activates the egg,
the female reproductive tract and the egg activate the sperm. And last, now that the
sperm is activated by the egg and the two are together, the sperm can activate the
egg… because the egg is also immature. The sperm activates the maturation of the
egg, enabling it to finish meiotic cell division (5, 8). The sperm and egg activate
and mature each other.
This is a general rule for development: that the body is made from immature
cells that mature each other. So that’s at the cellular level: sperm and egg. On the
tissue level, organs form by interactions between cell layers. Think about the retina
and the lens of the eye. Creationists will imply, “the lens and retina are designed
so that the lens is a transparent tissue on the outside of the eye that can focus light
on the neuron-filled retina, which is inside the eye,” as if the retina and lens were
preformed structures that developed independently and happened (miraculously)
to be at the right places for us to see with (9-11). But the retina and lens don’t come
pre-formed. What’s really fascinating is that the lens forms the retina, as the retina
forms the lens (5). A bulge protrudes on each side from the brain and touches the
outer surface, the skin of the head. And when it touches the skin of the head, it tells
the skin, “you’re not going to be fully developed into skin. I’m going to interrupt
your skin development and start you on a pathway towards lens development.”
And as the lens starts forming, it tells that brain bulge, “and you are not going to be
brain anymore. You are going to be retina and that stalk that connects you to the
brain, that’s going to be the optic nerve.” And so the lens and the retina form each
other. The lens doesn’t become the lens without the retina. The retina doesn’t become the retina without the lens. So at the level of cells, and at the level of organs,
embryos form through interactions of immature cells.
And then there’s the level of the developing organism interacting with its environment, and this is called “niche construction.” In this view of evolution, there is
no preformed environment that the embryo is going to be born into (12, 13). The
embryo helps form that environment, as the environment helps form the embryo.
The genes of the embryo do not form a specific phenotype. Rather, they provide a
repertoire of possible phenotypes. The phenotype generated from the genes is specified by the interaction of the genes with the environment. The environment can
direct the development of the organism. This is called “phenotypic plasticity.” This
gets us away from classical evolutionary theory, because in classical evolutionary
theory, the environment is a selective filter that only allows certain phenotypes to
survive. What developmental plasticity indicates, however, is that the environment
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is also an agent (or a series of agents) that will instruct the embryo as to which of its
possible phenotypes should be made (14-16). So the genotype is not the sole agent
of phenotype production. The phenotype (what one observes) is not a read-out of
the genotype (the collection of genes formed at fertilization). Rather, the genotype
has a repertoire of several possible phenotypes, and the environment is instructing
it which of the phenotypes might survive best in this environment. We’ve gained
through evolution the plasticity of being able to respond to the environment.
This is an amazing ability, and we see it throughout the animal and plant kingdoms (15). For instance, two genetically identical mice from genetically identical
parents can look strikingly different due to the food the mother ate while pregnant.
A mouse whose mother was fed one diet is sleek and brown; the mouse whose
mother was fed a different diet is obese and golden. So it’s the intra-uterine diet
that’s the difference-causing agent there, not the genes. In most turtles, the major
agent of sex determination is temperature (17). The temperature that the egg experiences during the middle third of its incubation is what determines whether that
turtle will have testes or ovaries. Turtles do not have X and Y chromosomes. Population density is another potential agent of phenotype production, and it is critical
in causing a young locust to become either a solitary plant-chewer or a gregarious
plant-devourer (18). Having a predator in your environment can cause one to develop differently. There are organisms such as Daphnia, which, in a pond without
predators put most of their extra energy into making eggs. But if there are predators in the pond, the Daphnia can sense them, and these sensations change the
water-flea’s development, causing her to put that extra energy into making a spiked
head and a spiked tail that prevent the water-flea from fitting into the predator’s
jaws (19). Humans have predator-induced plasticity, too. It’s called our immune
system. Our immune system responds to the outside environment by changing its
development (20). Our major predators are not lions, tigers, and bears; but rather,
fungi, bacteria, and viruses. The immune system responds to them by changing cell
differentiation so that we make antibodies against that predator.
Thus, we form our bodies by interacting at the cellular level during fertilization,
at the tissue level during organ formation, and at the organismal level with the environment. And, now, the newest of these notions of co-dependency is that of developmental symbiosis: we need, we depend on, other organisms to develop properly
(15, 16). This is the notion of the holobiont. The term, holobiont appears to be a
useful term. It was independently coined at least four times. The current usage of
the word was introduced by Lynn Margulis in 1991. It designates the amalgamation of the big organism (the macrobiont, the host) plus its persistent symbionts.
The holobiont view claims that the host and the symbionts form the complete
organism. For instance, when we think of a cow, we think of this bovine mammal
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that eats grass. Only, cows cannot digest grass. There’s no gene in the cow’s genome
that encodes an enzyme allowing cows to digest cellulose. That’s provided by that
rich community of symbionts living in its gut. Similarly, the termite Mastotermes
darwinensis, a favorite organism of Lynn Margulis, Dorian Sagan, and Donna Haraway (21, 22), is an agricultural pest. It eats wood, it destroys houses. Only it can’t.
This termite cannot digest either cellulose or lignum, the wood fiber. It needs a
complex community of symbionts to digest wood, and one of those symbionts is
Myxotricha paradoxica. This symbiont looks like an organism, but it is actually a
composite of five organisms, a protist plus four types of bacteria. Together, with the
termite, they digest the wood. The bacteria in mammalian guts produce chemicals
that induce changes in the circulatory system, aid digestion, and perhaps influence
the way we think. They are involved in bone development and are critical for making the immune system. Throughout the animal and plant kingdoms, organisms
are composite beings. We are not the zygote-derived, monogenomic, individual we
thought we were. Anatomically and physiologically, we are holobionts, an organism
that is a complex collection of ecosystems.
Even developmentally, we are not individuals. And this is what brought me into
this whole area. There were papers published in the early 2000s that said that the
blood vessels of the intestine, the blood vessels that deliver food to our body, do
not form unless certain bacteria are present (23, 24). The gut bacteria are producing
chemicals which are telling the adjacent intestinal cells to express those genes to
make certain proteins, such as angiogenin-4, that tell the cells surrounding them
to become blood vessels. So the bacteria are agents instructing the genes of the
intestinal cells to make and secrete proteins that instruct the cells next to them to
make blood vessels.
And angiogenin 4 has another, off-label, use. The bacteria that are inducing this
intestinal gene to be expressed are Bacteroides bacteria. Angiogenin 4, in addition
to helping the cells organize into blood vessels, is also bactericidal against Listeria
bacteria, which is the major competitor of Bacteroides (25). So Bacteroides is telling the intestine: make blood vessels, and also kill my competitors. We’ve evolved
with Bacteroides for a long time.
There’s a special case, which is getting a lot of publicity now, which is the
brain-gut-microbiota axis, the idea that normal brain development is, in some important ways, being controlled by the microbes (26, 27). The microbes are producing huge amount of chemicals. Serotonin and other hormones are being produced
by bacteria or induced by bacteria. The gut microbes influence neurotransmitters,
which once they’re made, influence stress and anxiety responses. Germ-free mice
(without symbiotic microbes) have behavioral anomalies: if you grow mice without
bacteria, they have a syndrome of decreased sociability. Mice without microbes
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prefer to spend time in solitude, while the mice with microbes like to spend more
time with the other mice. And if you add back the bacteria to the germ-free mice,
they become more sociable. Also, the mice without the bacteria have more 4 times
more self-grooming behavior than normal mice, and you can get that self-grooming behavior to baseline levels by adding the bacteria back (28, 29). Even in human
pregnancy, bacteria are involved. The bacteria in a woman’s reproductive tract and
distal gut during her third trimester of pregnancy are different than the bacteria
normally there. The hormones of the woman actually change the bacterial population in those areas from which they will be colonizing the fetus as it exits the birth
canal. So the bacteria that will colonize the foetus and give the new bacteria for
the gut, are not your normal suspects. They’ve been selected during third trimester
pregnancy (30).
Not only that, once the infant is born, the mother gives it milk. The milk has
two sets of nutrients: one set of nutrients is for the baby, that’s kind of obvious. The
other set of nutrients is for the new bacteria. This set of nutrients contains oligosaccharides, complex sugars, which cannot be digested by any mammal, but they
feed bacteria such as Bifidobacteria, which you want to be among the first colonizers
of your gut. They set the conditions for all the other colonizers. Bifidobacteria has
seven genes that encode proteins that digest this set of oligosaccharides in mother’s
milk (30). This has important consequences, for when you change the bacteria, you
change the immune system. If you raise macaque monkeys either on bottle formula
or mother’s milk, you get two completely different types of bacteria (31). The bacteria promoted by mother’s milk make a compound called arachidonic acid. Arachidonic acid is a compound which induces the formation of certain types of helper
T cells in the immune system. Those helper T cells in the immune system are those
that get rid of common infections such as Candida and Salmonella. So the breastfed macaques have a different immune system then the formula-fed macaques.
One of the things that has been so remarkable about the symbiotic view of development is that the symbionts help construct the immune system. Without normal bacteria, the gut-associated lymphoid tissues fail to form. These mice lack the
activated T-cells and B-cells of a normal gut immune system. Moreover, the gut actually helps these microbes to survive and flourish. Alfred Tauber (32) says, “From
a philosophical perspective, the wavering ontological status of immunology’s key
concepts—self, individuality, and organism—highlights a science in transition.” The
immune system that I learnt was an armed defense force protecting us against the
microbial onslaught. You had these two layers of the adaptive and the innate immunity. What we’re seeing now, is that the immune system is like a force of diplomats,
passport control agents, or even park managers. They know who to let in and who
to keep out, and they establish symbioses among different partners. The microbes
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help construct the immune system, and then the immune system helps control
which microbes get in. The immune system is a holobiont property; it’s not merely
the host’s immune system (33). It’s the holobiont’s immune system. So this means
that we should no longer consider ourselves genetically pure. We have numerous
genomes. It’s all about body politic metaphors. The bacteria and the host make
the immune system together, and there is no pre-existing harmony. The immune
system is constantly changing, and the environment that the immune system sees
is constantly changing. This notion of self is an emergent network property. Donna
Haraway (34) says immunology is a discipline dealing with postmodern bodies,
and Bruno Latour (35) and Peter Sloterdijk (36) claim that immunology is the first
anthropocenic discipline. Exactly.
You can see history in terms of the holobiont. The conquest of the Western
hemisphere during the great Columbian Exchange was done not by the armed
forces of Pizarro or Cortéz. It was done by diphtheria, cholera, smallpox, rubella,
and Salmonella (37-39). The context determines the relationship. The European
travelers brought with them all these microbes, which they had learnt to live with.
The American Indians had no experience of these microbes, and it is estimated that
85 to 90% of the indigenous American community was wiped out by European
microbes. What was mutualistic symbiosis to Europeans became parasitic symbiosis to the native Americans.
Such mutualistic symbioses (where both partners benefit) is really the evolutionary strategy that supports life on earth. Whether it’s the legume-rhyzobacterial
symbiosis that allows plants to make fertilizer, the coral reef and tidal seagrass symbioses that sustain oceanic biodiversity, or the symbiotic webs called “organisms,”
“cells,” or “genomes,” we have a new biology of relationships. Within this web, the
holobiont is continuously being constructed, and harmony is not something given,
but rather something that requires interactive agencies of these networks throughout the lifespan of the organism.

Metaphors of Gaia: Toward a New Body Politic
In discussing the body politic, we have to deal with our new, relational and
symbiotic, view of the body. I’m currently playing with the analogy that the classical body is to “nature” as the holobiont body is to Gaia. That is, “Classical body:
Nature = Holobiont body: Gaia.” The holobiont body is an unbounded, temporally changing, intertangled mingling of components that is both manipulating and
interchanging with the environment. It is a complex web of ecosystems, where the
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mouth, gut, fingers, and reproductive orifices each support different communities
of microbes. Like Gaia, it calls into question the distinction of organism and environment. And I think that you have here this notion that Gaia, to quote Bruno
Latour (35), “is only the name proposed for all the intermingled and unpredictable
consequences of the agents, each of which is pursuing its own interests by manipulating the environment.” So, maybe Gaia can be likened to a holobiont. (Indeed,
Lynn Margulis may be a source for both these concepts, and they may both spring
from this view of reality.)
But there is a problem if Gaia is to be seen as a holobiont. If the function of
metaphor or simile is to explain the unfamiliar, like Gaia, by its similarities to
something familiar, claiming Gaia to be a holobiont is not going to help. We are
still finding out what holobionts are. This is new turf. So what might be better?
One idea is “terroir,” the natural environment in which a particular wine has been
generated, including factors such as soil, microclimate, topology, rainfall, and harvesting. So, you have an interaction of climate, soil, terrain, and also tradition. The
humans are part of terroir, just as they are in Gaia. But can this concept be used
as a metaphor for humans or Gaia? Indeed, it already has. In the recent book, A
Gentleman in Moscow, Towles (40) writes, “the contents of the bottle in his hand
was the product of a history, as unique and complex as that of a nation or man. In
a sip it would evoke, the timing of that winter’s thaw, the extent of that summer’s
rain, of the prevailing winds, and the frequency of clouds.” Terroir is being used as
a metaphor for both body and body politic. Also, scientifically, grapes are holobionts, having different microbes on different parts of their bodies and in different
geographic locations. There is a local earthbound microbial habitat that interacts
with the global climate. The agents making terroir are both local and global. Climate agents actually might be working both by themselves and by specifying the
microbes. (And it seems very appropriate to be discussing about Gaia and terroir
with Latour in a building housing Veronese’s Wedding at Cana.)
Another notion, another metaphor for Gaia could be development. Development can be seen as a progressive and unidirectional movement, such as that of an
embryo to an adult or of a larva transforming itself into a butterfly or a frog. “Development” is being used this way all the time: “land development” and “economic
development” both see nature as primitive and having a telos, namely the managed
city. Primitive societies are seen as being tied to nature, while the managed city
is seen as having escaped from nature. Land development and economic development lead to something that we talked about earlier before: Earth as managed
plantation. This is Donna Haraway’s (41) notion of the plantationocene; and in the
plantationocene view, the Anthropocene crisis is a good thing. It is metamorphosis,
bringing us and the land to higher, more developed, stage.
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There are other, and I think more interesting, developmental metaphors. The
epigenetic landscape of Conrad Hal Waddington depicts a cluster of similar pluripotential cells rolling down separate paths into separate cell types. This model
has been modified by people who view the cell types as basins of attraction. These
attractor basins are the stable networks of genes and cells. Thus, there’s a stable
set of gene expression which gives you a blood cell, a separate set of interactions
which give you a muscle cell, and a separate set which give you neurons. And there
are other attractor basins where cell division is encouraged, and these are the cancer networks. This notion of a basin of attraction has recently been used to study
Earth’s history and, in a paper by Gaffney and Steffen (42), one sees these glacial
and interglacial periods as stable attractor zones. After these basins, however, there
is the Anthropocene state, and maybe it will become stable there. However, if it is
not stable, it may create a state of instability that leads to a stable, but lethal, Venus-like atmosphere.
So the basin of attractor has been used not only for developmental history but
Earth history as well. What, then, is abnormal development? Abnormal development is cancer. And cancer is an abnormal interaction between cells. It’s not really
a cell becoming bad; it’s a cell not responding to its environment (43). This notion
of humans as the cancer of the earth is widely disseminated. You can even purchase
a “Humans are the cancer of the Earth” t-shirt from the web. The famous Pogo
cartoon (44), used on Earth Day, parodies Oliver Hazard Perry’s famous slogan
to say, “We have met the enemy and they are us.” Cancer is a disease from within
the body politic, not from outside it (such as infection metaphors; 45). I hadn’t
put much stock in the cancer metaphor until a paper came out a few months ago,
which looked at cancers as generating their own travelling niche (46). Most cells
die when they leave their tissue environment, but cancer cells don’t. Cancer cells,
it was found, make their own supportive environment. They make dividing cells
(on which researchers have been focusing), the cancer stem cell. The non-dividing
cells turn out to be niches for the cancer stem cells. They allow the cancer stem
cells to survive. I think that we are also secreting our own supportive environment,
and what we’re secreting, what’s allowing us to propagate, is technology. I think the
technosphere, la Technique, as Jacques Ellul (47) called it, is the “second nature” in
which we live, our supporting environment, and this has allowed us to propagate
beyond nature’s capacity.
Latour (35) considers the new climate regime as a “mutation.” I don’t think
it’s a mutation, but rather as a cancerous phenotype, a manifestation of a series
of mutations under particular conditions. So what are the mutations? Just as in
cancers, there appears to be a series of mutations that are needed, not just one: the
first mutation might have been the invention of agriculture, which David Western
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and Shirley Strum (48) have shown to be altered interaction between humans and
nature. The second mutation, as Bruno Latour (35) points out in Facing Gaia, may
be immanentism, wherein governments are expected to make Heaven on Earth.
This view altered the interactions between government and religion. Then I think
a very important mutation, natural theology, the license to perform science as a
religious practice, enabled the propagation of science in the West (49). And the last
mutation was techno-science (42, 50, 51), the fusion of two very different ventures,
technology and science, which probably began in the 1800s and then accelerated
in the 1950s. This series of mutations did not occur in all parts of Gaia, but specifically in that node of interactions called “the West,” and this might explain why the
nidus of the Anthropocene crisis is here.
But the West isn’t alone in producing metaphors for the new world’s body. Asian
tradition has several, and one that is being used to show a world of an interactive,
interpenetrating, co-constructive agents is “Indra’s pearls.” The world Indra created
was a web of jewels. Everything that exists (including concepts) is part of that web,
and each jewel is tied to each other and each reflected in each other (52). Everything that exists shows everything else that exists, just as much as the paper in this
book was caused by the tree, its symbionts, sunshine, rain, the forester’s parents, the
iron of the woodchopper, and eventually, everything else (53).
Thus, there is a new “body” that is being brought into existence. This is a body
that is not genetically pure, that is a set of continuously changing interactions with
its environment, and that is predicated on series of relationships. It is a complex
web of ecosystems, each of which functions in sustaining the body. Whether this
holobiont body can be a model of the “body” of Gaia (or some aspects of it) remains the topic of exploration.
I would be amiss, especially in a paper on mutualistic symbiosis, if I didn’t thank
my colleagues who helped bring this chapter into existence: Michael Flower was a
major force in this, as were extended conversations with Lynn Chiu, to Fred Tauber, Donna Haraway, and Deborah Heath.
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